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FOREWORD

This study was sponsored by the National Aeronautics
and Space Administration under Contract Number
NASW-1556, Porlions of the study effort were con-
ducted under subcontract to Bio-Science Laboratories,
Inc. A companion report entitled Physical Methods
for Biochemical Analysis in Spaceflight is available

from the contractor as Report Number SR67-1044,
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INTRODUCTION

A complete evaluation of the effects of long-term weightlessness and con-
finement on man as experienced during an extended space mission requires a
number of biochemical tests similar to those performed for the physician by a
clinical laboratory. These tests may be accomplished in two ways: in-flight as
part of the mission, or post-flight, on specimens obtained during the flight and
stored. The storage problem is unique because of the duration anticipated (up to

90 days) and because of the limitations imposed by flight conditions.

The preservation of biological samples presents a minor problem in most
clinical laboratories due to the short time interval between sample collection and
actual analysis. When delays are anticipated, it is customary to refrigerate the
samples. Longer storage times, however, introduce unique preservation prob-

lems, not normally encountered in the laboratory environment.

The purpose of this study is to critically evaluate a number of methods
for preserving biological specimens, to determine the feasibility of using the

methods in flight, and to recommend a method or combination of methods for

preserving and storing specimens collected during space flight for post-flight

analysis. Table 1 presents a list of the clinical laboratory evaluations under
consideration for the Apollo Applications Program. These parameters are the

ones considered for preservation and storage in this study.

Preservation methods considered include:

. Chemical
. Refrigeration
. Freezing




TABRLE 1, - LIST OF PARAMETERS AND SPECIMENS TO BE CONSIDERED

Parameter

Serum or
plasma

Urine

Whole
blood

Feces

Sweat

Adrenocorticotrophic hormone (ACTH)

X

Aldosterone

Alkaline phosphatase

Amino nitrogen

Antidiuretic hormone {(ADH)

Antihemophylic globulin (AHG)

Bicarbonate

Bilirubin

BUN

Calcium

E R B B - A R

Caryotyping

Catecholamines

Chlorides

Clot retraction

Clotting time

Creatine

Creatinine

Fat tolerance

Fibrinogen

Fibrinolytic activity

LR

Glucose tolerance

Hematocrit

Hemoglobin

17-Hydroxycorticosteroids

Imimune bodies

Lactic acid

LDH isozymes

Magnesium

.

Manganese

>

Methemoglobin

Mucoproteins & related biocolloids

NPN

PBI (protein bound iodine)

Phosphates

L IR A

Plasma thromboplastic component {(PTC)

b




TABLE L. - LIST OF PARAMETERS AND SPECIMIINS TO BE CONSIDERED - Concluded

Serum or Whole
Parameter plasma Urine blood Feces Sweat

Plasma volume (RISAIZS) X

Platelet adhesivcness

Platelet count

Potassium X X X X

Proteins (clectrophoresis)

Prothrombin activity

RBC cell mass (isotopes)

RBC survival

RBC (total)

IR -

Reticulocyte count

Serotonin (5-HIAA)

Sodium X

Standard clinical zmalysi.sl

Sulfates

Mol

Thyroxine

Thyroxine binding prealbumin (TBPA)

Total nitrogen X

Transferrins

Uric acid

WBC differential

WBC motility and phagocytic activity

WBC (total)

Zinc X X

Microbiological paramete rs2

1

Standard clinical analysis includes: volume, coler, turbidity, specific gravity, pH, albumin, sugar,
ketone bodies, microscopy.

2 Microbiological paramicters include:

Sampling and Culturing of Flora Body
Colony Counts
Microbiological Identifications

The sources for these parameters are not indicated since they were not specified by NASA,




. Vacuum distillation
. Absorption and ion exchange
. Lyophilization

Special biological problems such as hemolysis, protein precipitation, con-
taminant microbial growths, and the use of anticoagulants, are considered and
evaluated. Recommendations and rationale for specimen preservation and storage

are included.
SPECIMEN PRESERVATION TECHNIQUES

General

A major consideration in the storage of biological samples is the mainte-
nance of the stability of the specimen during the interval between the time of col-
lection and the time analysis is begun. Many organic. substances are subject to
deterioration due to bacterial contamination or to the action of enzymes present
in situ. The effects of microbial growth are largely unpredictable and become a
problem when the sample is to be stored for longer than one day either at room
or refrigerator temperature. This problem can be solved through a sterile en-
vironment for the collection and storage of all biological material. However, it
is usually more practical to freeze the sample or to employ an antibacterial
agent, Acidification of the sample may also be employed to retard microbial
growth. The degradation of organic material resulting from enzyme action may
be blocked by addition of a specific enzyme inhibitor. Alternatively, the sample

may be adjusted to a pH value at which the enzyme is no longer active.

Table 1 lists a number of elements and electrolytes which have high in-
herent stability. Thesec inorganic substances include bicarbonate, calcium,

chloride, magnesium, mangancse, potassium, sodium, and zinc. In practice,




.

storage of biological samples containing inorganic substances at room tempera-
ture or even under refrigeration for several days lcads to a precipitation of pro-
tein or inorganic material, or to a growth of microbial contarninants. If the

Lad

supernatant is later sampled without regard to the debris present in these heter-

ogeneous specimens, serious errors may result in the analysis.

Specimen Collection

Urine collections may be made by methods discussed in Lockheed Report
M-61-64-1-I. Sweat is absorbed in gauze as described by Henry and may be
stored in plastic containers. When small amounts of blood are required the
sample may be obtained by fingertip puncture and drawn into capillary tubes for‘
subsequent analysis. Where larger amounts of blood or plasma are required,
the specimen normally is obtained by venipuncture and the blood is discharged
into tubes containing an anticoagulant. For scrum specimens the anticoagulant is
omitted from the collection bottle. Feces may be collected by methods previously

developed for NASA.

Many of the paramecters normally found in whole blood are present in un-
equal concentrations in the erythrocytes and in the extracellular plasma phase.
In those instances when the parameter is present primarily in the erythrocytes,
it is necessary that the analysis be performed on whole blood. Whole blood is re-
quired for analysis of herhoglobin and methemoglobin, and for many of the hema-
tological studies. Plasma is specified for blood volume determination, amino
nitrogen, a;ncl. fibrinogen, as well as for studies in clotting dynamics. For most
biochemical tests, the specimen of choice is serum, whose preparation does not

requirce the use of an anticoagulant.

It may be noted that the preparation of scrum and plasma requires their

separation from blood corpuscles within a relatively short period of time after




the blood is obtained to prevent secondary changes in the specimen. For this

purpose, a spaceborne laboratory centrifuge or its cquivalent must be considered.

The relative merits of various methods of sample preservation are evaluated
below for each type of specimen listed in Table 1. Each topical heading is supported
by data in the related table. The periods of stability given in these tables generally
correspond to a loss of less than 3% in ecach parameter. The sample quantitics
required for each analysis are listed in Table 2. This table may be employed as a
basis for determining minimum sample quantities when all parameters are to be

analyzed in a given specimen.

Notes and abbreviations applicable to Tables 3 through 7 are contained in

Appendix A.

Urine

Untreated urine stored at room temperature is unstable for a significant
number of the 18 designated parameters. As indicated in Table 3, changes occur
in creatine, sugar, ketone bodies and pH within several hours after the urine
collection is made. Catecholamines and aldosterone are stable for one to two days
at room temperature in the absence of preservatives. Most of the remaining
parameters tend to be more stable. Inorganic constituents, such as calcium,
chlorides, magnesium, manganese, potassium, sodium, and zinc are stable for
long periods of time, but as noted previously, there is a tendency for these
substances to precipitate or co-precipitate during standing. It is therefore necessary

that the urine specimens be acidified to dissolve these deposits prior to analysis.

A number of chemical agents have been used to preserve urine specimens

at room temperature. Among these agents are formaldehyde, toluene, chloroform,




l’----------------_---

TABLE 2, - APPROXIMATE MINIMUM SAMPLES REQUIRED FOR ANALYSIS IN SINGLICATE

Serum or ‘ Whole
plasma, Urine blood Feces Sweat

Parameter ml, ml. ml, €. ml,
Adrcnocorticotrophic hormone (ACTH) 4,0 --- - L e ———
Aldosterone - 10.0 - ——— -——
Alkaline phosphatase ' 0.10 --- - . : ,——
Amino nitregen . 0.50 -—- .. - -
Antidiurctic hormone (ADII) 1,0 ? R ——- PR
Antihemophylic globulin (AHG) 0.20 ,—- _—— ——— ——-
Bicarbonate 0.025 - . - R
Bilirubin 0.10 - - . R
BUN 0.05 . o-= .- ——-
Calcium 0.10 . 0.05 Loone 1.0 1.0
Caryotyping --- --- 0.10 - R
Catecholamines 2,0 5.0 .- -—— _———
Chlorides 0.05 0.05 - 1.0 1.0
Clot retraction --- -——- 0.50 -——— --_.
Clotting time .-- . - 0.50 - .-
Creatine 1,0 0.10 - - .-
Creatinine 0.20 0. 05 - : .- .-
Fat tolerance 0.25 --- .- . - ———
Fibrinogen . 0.50 - ——— --- . .-
Fibrinolytic activity . 0,50 - - - -
Glucose tolerance ’ .- -—-- . 0.25 -—-- -—-
Homatocrit .- --- "0.10 . .- .
Hemoglobin - .- 0.05 .-- ---
17-PIydroch?rticosteroids ,en 10,0 --- -—-- ) -
Immune bodies ) 0,10 S .- .-- ---
Lactic acid .- - 0.25 ——— _———
LDH isozymes 0.10 - - -——- -
Magnesium 0,20 . 0. 50 -—-- - .
Mar-lga.nese 8.00 ? -—- -—- -
Methemoglobin : - ) --- 0.20 - L eee
Mucoproteins & related biocolloids 0.50 ? -—-- - -
NPN 0.10 Ceen ] - ——- .-
PBI (protein bound iodine) 0.20 - - .- -
Phosphates 0.025 .- - - -

NOTE: Values are estimates based on current usage. Some sample requirements may be reduced up to 50% by
employing ultramicro analysis technigues, or by perfurining two or more analyses on the same specimen.




TABLE 2. - APPROXIMATE MINIMUM SAMPLES REOUIRED FOR ANALYSIS IN SINGLICATE - Concluded

Serum or Whole
plasma Urine blood Feces Swcat
Parameter ml. mil. ml. g ml,
Plasma thromboplastic component (PTC) 0,20 I .- _——— R
Plasma volume (RISAIZS) 2.0 - .- - .-
Platelet adhesiveness - PR 0.10 .- ———
Platelet count - - 0.05 [ ---
Potassium 0.05 1.0 .- 1.0 1.0
Proteins (eleétrophoresis) 0.05 --- ——— . -
Prothrombin activity 6.50 --e R -- -—-
.RBC cell mass (isotopes) - P 2.0 R -———
- RBC survival .- ——— 2.0 -——- -——

RBC (total) R 0.05 .- .
Reticulocyte count fees - A 0. 05 - .
Serotonin (5-HIAA) ---" 2.0 .- - ———
Sodium . ‘ 0.05 1.0 - 1.0 1.0
Standard clinical analysis ‘ .- 1.0 _——— --- -
Sulfates ' 1.0 0.50 .- .- -
Thyroxine , 1.0 - -— --- a--
Thyroxine binding prealbumin (TBPA) 1.0 - - .- -
Total nitrogen . - 0,20 - - -
Transferrir;s 0.10 .- --- - .-
Uric acid ‘ 0.10 .- —- - R
WBC differential —— - 0.05 .- —--
WBC motility -and phagocytic éctivity - -—- 0.05 -—- ——
WBC (total) » ' E— .- 0.05 - -
Zine 2.00 5.0 - --- .-

NOTE: Values arc estimates bascd on current usage. Some sample requirements may be reduced up to 50% by
employing ultramicro analysis techniques, or by performing two or more analyascs on the same specimen.
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TABLE 3, - DURATION OF STABILITY OF
- URINARY CONSTITUENTS - Concluded

ICalciun'l tends to precipitate in the absence of acid. It is redissolved prior to
analysis by addition of acid.

Samples are best analyzed soon after collection to avoid precipitation of various
constituents, If a precipitate is present it is redissolved prior to analysis by
adding a small amount of acid.

3.. . .
The sample is stable for several weeks provided there are no red cells present,

4Standard Clinical Analysis also includes: volume, color, microscopy, specific
gravity, and turbidity,

5AC.-etoacetic acid is quite stable in some urines at room temperature but dis-
appears rapidly in others, the disappearance appearing to be related to micro-
bial action. In the presence of bacteria or yeast it may disappear completely
in less than 24 hours, whereas if the solution is sterile, it is stable for 8-10
days. About 20% of the acetone present disappears in 24 hours at room tem-
perature, but none is lost in the same period if the urine is kept in a closed
container in the refrigerator., Ketone bodies may also disappear from urine
in vivo in the presence of a urinary tract infection,

6

The specimen is stable for 4 hours provided it is not heavily contaminated with
bacteria,

7Cargille urinary preservative tablets buffer the urine to a pH of about 6. They
are a mixture of benzoic acid, formaldehyde (produced from urotropin), and
mercuric oxide.




and fluoride. These substances act primarily as antimicrobial agents. Tolucnec
and chloroform are objectionable for in-flight use due to their volatility and nox-
ious character. There are indications that formaldehyde may interferc with the
determination of glucose in urine when employcd in excessive quantities. Fluo-
ride is a toxic agent, and is also objectionable because it tends to precipitate
calcium from urine. Thymol, benzoic acid, boric acid, and mineral acids have
achieved the widest acceptance in practice. Commercial urinary tablets such as
Cargille and Urokeep are widely used clinically for preservation of urine speci-
mens. Cargille tablets buffer the urine to a pll of about six and contain a mixture
of benzoic acid, urotropin, and mercuric oxide. The composition of Urokeep

tablets has not been specified.

Boric acid is effective in maintaining the stability of aldosterone, 17-
hydroxycorticosteroids, and 5-hydroxyindoleacetic acid for periods of approxi-
mately one week. However, boric acid is ineffective in the preservation of
catecholamines, for which stronger acid is required. An effective stabilizing
agent is potassium bisulfate, used in amounts of 200 mg per ounce of urine (pH 3).
This substance will preserve the urirary catecholamines for one to two wecks at
30°C. Urine acidified to pH 3 also preserves the activity of antidiuretic hormone
for one week., To maintaiﬁ the inorganic parameters in solution, mineral acids
are customarily used. These a‘cids preserve calcium, chlorides, potassium,

sodium, zinc, and other inorganics for periods exceeding six months,

As indicated in the last three columns of Table 3, urine may be stabilized
simply and effectively through reduced storage temperatures. Freezing will
maintain the stability of virtually all parameters for periods of 90 days or more.
Lyophilization appears to be effective for most parameters, with the notable ex-

ception of ketone bodies, which may undergo loss due to volatilization of acetone,

11




Serum and Plasma

Table 4 lists 35 parameters whosce analysis is required from serum or
plasma. In most instances the analyst has the option of sclecting either speci-
men, but plasmaea is required for the following parameters: amino nitrogen, anti-
hemophylic globulin, fibrinogen, fibrinolytic activity, plasma thromboplastic
component, plasma volume (RISA 125), and prothrombin activity. An important
consideration in handling serum and plasma is the avoidance of unnecessary ex-
posure to sunlight, ultraviolct or even the usual lighting in a laboratory, since a

50% loss in unconjugated bilirubin may result within two hours.

In the absence of preservatives, a number of parameters deteriorate at
room temperature within hours after the blood collection is made. The sub-
stances falling in this group are ACTH, amino nitrogen, antidiuretic hormone,
antihemophylic globulin, creatine, fibrinolytic activity, and plasma thrombo-~
plastic éo:xnponent. Thce noted instability of antidiuretic hormone in plasma is in
sharp contrast to urine, where the hormone has greatly enhanced stability.

Table 4 presents épecific data on the remaining 28 parameters in unprocessed
serum and plasma. In general, it may be noted that untreated specimens are not

acceptable for analysis beyond brief periods of storage, with the exception of the

“inorganic constituents.

As with other biological materials, serum and plasma tend to putrefy
after collection with accompanying degradation of organic constituents. Fluoride
and thymol are most commonly used as blood preservatives. Thymol acts as an
antibacterial agent, while fluoride has inhibitory action on enzymes involved in
glycolysis. Fluoride acts concomitantly as a weak antimnicrobial agent and as an
anticoagulant. The cffectiveness of these agents is listed in Table 4. The stabi-

lity of BUN is incrcascd from one to five days, amino nitrogen from eight hours

12
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to five days, creatine from four hours to five days, and NPN from one day to {ive
days. Chclnica],b preservatives have not been found for the most unstable para-
meters, including ACTH, antidiuretic hormone and other substances which in-
herently possess periods of stabilily inadequate for the requirements of the

manned space prograni,

Liyophilization has proven cffective for prescrvation of many of the para-
meters listed in Table 4. KExceptions arc plasma prothrombin activity and anti-
hemophylic globulin, both of which arc highly unstable. In a significant number
of instanccs there is a dearth of information on the stability of the paramecters in
the lyophilized state. I‘urther laboratory studies would appear warranted to fully

detcrmine the usefulness of lyophilization as a preservation technique.

Refrigeration of specimens at 5°C does not appear to be an acccptable
method of long-term preservation for either serum or plasma. Under these con-
ditions, parameters such as amino nitrogen, antidivretic hormone, LDIT isozymes,
crcatine, creatinine, plasma thromboplastic component, and prothrom.ﬁin activity
arc stable for less than 24 hours. The other substances are stable for longer
periods of time, but there is no marked improvement over storage at room tem-

perature. With regard to proteins by electrophorcesis, the table indicates that the
serum specimen ﬁay be stored for a month under refrigeration. It should be
noted that some investigators claim alterations occur in the o - and £ -globulins

despite refrigeration.

By far the most satisfactory technique for Jong-term prescrvation of
serurm and plasma is the usc of freczing at temperatures below -10°C. At this

temperature all parameters arc stabilized for periods of two to three months or

longer, with the exception of ACTH and L.DH isozymes. Antidiurctic hormone is
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stable for at lcast two to thice weeks when {rozen; the exact period of stability is
not known, but rnay be substantially in excess of thrce weeks. TFrecuzing of serumn
maintains the integrity of the proteius for long periods of time, although the

-

samplcs must be rapidly thawed and thoroughly mixed before assay.
Whole Blood

Of the 17 tests designatced for whole blood as showa in Table 5, 13 are
hematologic while the remainder are biochemical. It is the hematologic tests

which posc the greatest difficulty in stored blood specimens.

The biochemical parameters required in whole blood are hemoglobin,
glucose, lactic acid, and methemoglobin. Hemoglobin is relatively stable and no
difficuliy is encountered in its preservation by refrigeration or frCC'/:ing of blood.
Glucosc is unstable at roomn temperature and requircs the use of fluoride for in-
terim storage. For long-term storage the blood may be {rozen to -79°C. Alter-
natively, blood is transferred to paper as a dry film. In this form both the
glucosc and hemoglobin contents are stable for extended periods of time. Both
lactic acid and mecthemoglobin are unstable in untrecated blood specimens, but
methemoglobin may be maintained for three months or more in frozen blood.
There is a lack of data on lactic acid stability in frozen blood, although lactic
acid may be prescrved as an extract by deproteinizing the blood sample with

perchloric or trichloroacetic acid.

Standard procedures are available for determination of the hematologic
parameters in {resh blood. Although blood may be prevented from clotting by
usc of a suitable anticoagulant, a scrious problem ariscs in maintaining its via-
bility for a protracted period. Blood consists of cellular and molecular compo-

nents differing widely in function, complexily, and.stability. Numecrous studics
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have been conducted on the storage of blood for usce in transfusion. These studies
have clearly demonstrated that the blood cells and clotting system proteins ave
labile 1n storage. Maintenance of the viability of platclets is particularly difficult
-

and may explain, in part, why determinations of clotting time and clot vctraction

n

time must be done with fresh blood. Iossifides ct al, (1963) employed clot re~
tracting activity as an in vitro tesi to determine the functional integrity of platelets
during storage., Using a suspeunding mcdiuxﬁ consisting of 50% plasma in salinc
with 15% dirmecthyl sulfosxide (DMSO), the authors noted that storage in liquid

ot

nitrogen for 38 days resulted in a 50% reduction of clot retracting activity over

the unfrozen control specimen.

It is generally agrecd that freezing and storage at low temperature offcrs
the most useful approach to the prescrvation of blood and its components for ex-
tended periods of time. Blood storced in this manner contains most biochemical

arameters in an unchanged form. To maintain the integrily of the blood cells
o O

during the freeze-thaw cycle, chemical additives are necessary. Polge ct al,

(1949) discovered the protective action of glycerol in the freezing of spermmatozoa.
In 1950 Smith reported the protection of mammalian red cells by glycerol using a
slow freeze-thaw technique, More recenily, DMSO has becn shown to be cffec-
tive against freezing injury (Lovelock and Bishop, 1959). Rapid-freeze techniques
have also been investigated using macromolecular additives, such as PVP and

dextran (Bricka and Bessis, 1955; Rinfret).

Despite the demonstrated value of low temperature techniques for storing
blood for transfusion purposecs, thcere is some question concerning the applicabi-

lity of cryogenic methods to the prescrvation of hematologic parameters. The
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following considerations delimit the present state-of-the~art and provide insight
into the probleme involved in the storage of whole blood:

(1) Substantial destruction occurs in the cells during the freezing process,

particularly the white blood cells and platclets,

The lability of the blood cells during the process of cooling to storage
temperature is a matter of concern to specialists in the field. Dr. Rowe (1967)
bas made the following comments on this matter: "It is well documented in the
literature that the lower the étorage temperature the better the chance is for
long-term prescrvation. The most convenient storage temperaturc is liguid
nitrogen at -196°C, where no biological changes have becn observed, as opposed
to obscrvable changes noted at higher degrces such as -80°C, or the temperaturc

of dry ice, solid CO Storage, then, does not secein to present any problem, but

2°
rathier the problem lies in the method of getiing down to the storage temperaturc

and then getting back up from the lower storage temperature to ambient tempera-

ture. "

(2) The consensus is that there is no single method which can be used to
preserve the differcent cellular components in whole blood. The accepted prac-
tice (Rowe, . 1967) is to isolate the leukocytes, platelets, and plasma from the red
cells., Fach component is then storcd separately by an appropriate technique.
Dr. Rowe has succcssfully preserved leukoeytes by {reezing them in a cryopro-
tective additive of 10% dimethyl sulfoxide or glycerol using a slow frcezing rate,
of the order of 1°C per minute. This technique also seems to work well with
platelets, although platelets arc quite fragile and are considerably more difficult
to recover in good yield., Of all the freezing procedures available, Dr. Rowe be-
licves that the rapid frecuze procedure employing low glycerol (149%) and liquid

nitrogen gives the highest yield of intact crythrocytes., With this method he obt:ins
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94% overall recovery of erythvocytes with minimurm damage to the cells. The
recovered cells ave indistinguishable from cells in frcsh blood, ou the basis of
RBC susivival studies. The resulls of these studics are in the process of being
prepared for publication, Dr. Rowe has also recently developed a convenicent
method for freezing droplects of blood. Although this technique is not suitable fox

transfusion purposes, it is very usciul for blood grouping.

(3) There is a pauvcity of data in the literalure pertaining to the stability
of the hematologic pavameters in whole blood listed in Table 1; most stability

studies are concerned with the recovery of cells for transfusion purposes,

It is the consensus that whole blood specimens stored in the frozen state

cannot be employed for the following tests: hematocrit, caryolyping, platelet
adhesiveness, platelet count, RBC total, reticulocyte count, WBC differential,
WBC motility and phagocytic activity, and WBC total. There are presently no

known storage techniques for whole blood to accommodate cither of these para-

meters, or the clotting time and clot retraction time tests. However, il may be

possible to stabilize several of these parameters by the following techniques:

(1) Smears may be prepared directly after the blood specimen has been
~drawn for a reticuloéyte count and for a WBC differential, Thesc smears are
probably stable for long periods. A blood simear may also be prepared in flight

for a platelet count, with the limitation that the assay is at best semi-quantitative,

(2) Some limited success in stabilizing the caryotyping parameter has
been obtained by Atkins (1962). He used glycerolizcd blood stored at -80°C as
the source of the lyinphocytes for his culture studices. Dr. Rowe (1967) believes

that the following parameters may be preserved by the application of slow {rcezing
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storage techniques to isolated Icukoceytes: cytogenic studies of leukocytes, WBBG

motility and phogoceyiic activity, WbHO diffcrential, and WBC total count.

(3) Reiiculb:;y"i:c count presents no problem upon recovery of red cells; in
fact, they appear to survive betler than older cells (Rowe, 1967). With his low
glycerol-liquid nitrogen freczing process, Dr. Rowe obtains a high recovery of
erythrocytes with miniimum change in RBC survival and RBC mass properties.
However, the platelet adhesiveness and platelet count paramelers are more diffi-

cult to prescrve and satisfactory procedures for doing so have yel to be developed,

(4) Dr. Myhre (1967) believes that it may be possible to stabilize the total
RBC count, total RBC mass, and RBC survival pavameters in whole blood for at
least six mounths, He rccommends refvigeration at 4°C in the presence of

Alsever's solution ox a speciacl ACD prescrvative.

The standard test for RBC mass employs hexavalent radiochromium-51,
supplied as sodium chromate, to tag the cells in citrzated blood obtained from the
donor. A portion of this tagged blood is then returned intravenously to the donor,
and a blood sample withdvawn 30 minutes later. Since the half-life of chromium-
51 is 28 days, and only 30 microcuries of chromium are used in the test, it is
likely that the blood specimens could not be counted rcliably beyond a 30 or 40 day
period. Iowever, tagging the blood with 90 or 120 microcuries of chromium
might allow storage of the blood specimens for two ox three months. Incide: ‘ly,
it should be noted that the test for RBC mass requires a determination of the
hematocrit value. In view of the unacceptability of stored blood for an hernatocrit
determination, as indicated above, it would appear nccessary to obtain the bema-

tocrit in flight by usc of a spacebox.‘ne contrifuge.

The test for RBC survival also employs radiochromium-51 for tagging of
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the celle. The tagging may be done cither in vitro or in vivo. In cither instance

the hematocrit must be ob RBC survival studics can be performed by an

111 vitro tegging wsing 150 microcurics to follow the radionctivity for as long as
110 days. If injected intravenously, 200 microcuries of chromiun-51 yiclds a
red blood cell activity which persists for approxirnately 35 days, Following the
injection of 300 microcuries, the radioactivity in red blood cells can be followed
with a scintillation well type counter for up to 45 days. The radioactivity in the
cells persists at a significant concentration for up to 60 days in the normal.

Cline et al. (1962) have employed tritiated diiosopropyl-fluorophosphate (DFP)
for measuring red cell survival in humans, The long physical half-life of tritium
(12,3 ycars) is very uscful when prolonged storage periods of the labeled red
blood cells or the radioactive labeling reagent arc necessary. The stability of
tritinted DFP is such that sealed ampules cen be used vp to one year after prepa-

ration.
Sweat and Feces

4

Sodium, potassiu:m., calcium, and chloride are designated as the only re-
quired parameters in sweat and feces, These inorganic substances ave highly
stable, hence the specimen may be stored without preservative at room tempera-
ture. Two precautions must be taken in handling sweat, however. Immediately
upon collection, the spccimens must be placed in small, tight containers in  .der
to minimize loss of volume due to evaporation. If prescrvatives are not added,
there is every likclihood of bacterial contamination. Bacterial growth may lecad
to incorporation of potassium ions within the bacterial cell, resulting in non-
homogencity of the sweat sample. It is thercefore nccessary that the entive sweat

sample be enmployed for analysis,




Onc congideration in the storage of gweat and {fecal specimens in the
formation of objectionable odors due to breekdown of organic compounds resulting
from bacterial action. The use of lyoplhilizaiion or frecuing techuigues ioay be
considered in an effort to rcduce this problem. As noted in Wables 6 and 7,
virtually any form of storage appears to be acceptable for sweat and fecal specimens.
If the lyophilization technique is selected, it is a good precaution to neutralize the

sweal gpecimens to avoid possible loss of chloride.

Microbiological Flora
The microbiological source material has not been specified by NASA. For
the purpose of this study, attention has been dirccted to bacterial and viral

specimens which may be obtained from noge, mouth, skin and throat.

Two methods are available for the preservation of rmicrobiological speciimens.
The first is basced on freezing at reduced temperatures. A temperaturc in the range
of -60°C is requirced for the preservation o.f most viruses. Bacteria arce more Jabile
than viruses and require inore stringent conditions for their preservation. In 1966,
Rinfred et al. developed a quick-freezing and thawing process for prescrving
bacterial suspensions. In this process, the chilled saniple is sprayed onto a lincarly
moving film of liquid nitrogen, and the frozen droplets sicved and stored in a liguid
nitrogen refrigerator at -196°C. During the thaw cycle, the frozen material is fed
gradually into a rotating aluminum pan, kept at 47°C, containing 7% polyvinyl-
pyrro]idinohc (PVP) in an isotonic salince solution. Depending on the frecuing equip-
ment, th'C survival rates werce found to be 20 to 61% for Azotobacter, 95 to 122% for
E. coli., 59 to 102% for Staph. aurcus, 12 to 23% for Aspergillus niger, and

34 to 52% for yeast.




Freoume-drying represents the sccond technique for presciving viruscs

and bacteria., I'recuze-drying of micro-crganisins is gencrally accoraplished for
long terin prescrvetion at ambient tomperatures, and it is important to appycciate

thet the condilions nccessary for survival following drying arce not nccessarily those

for optimum prescrvation or subscquent storage. The most important factor

“determining survival ratcs appears to be the mediwn in which the micro-organisms

are dried (Meryman, 1966). Greaves, 1960, found that some culturcs dried in

mist. desicce (consisting of 75% serum, 25% broth with 7.5 g. of glucose per

100 ml. of medivm), remained viable for as long as ten years, Greaves (1964)

specifics the following requircments for a suitable drying medium:

(1) The preparation must be prevenitced from falling below 1% residual

moisture. This is achieved by adding sugar in a concentration of 5 to 10%.

(2) The addition of sodium glutamate to prevent the carbonyl groups

in the medium from reacting with bacterial proteins.

(3) . The addition of 5 to 10% PVYP or dextran to give body to the freewxe -

dried preparation,

The initial freezing step prior to drying, is critical. Very rapid freezing,
with the formation of iniracellular jce crystals, is known to damage certain
organisms. Greaves found, howcver, that rapid-frecze injury at -13°C could bcA
miniimized by the addition of glucose, PVP, or both, to the drying medium.
Muggleton (1964) reports a marked increcase in the survival of micro-organisms
when the drying temperature was lowered to -35°C. In this study approximately
60% survival was oblained with Staph. aurcus, . coli, Streptomyces griscus and
Penicillium notaturn. Scott (1960) shows the need to mainiain a 1% residual moisture

content, and to exclude oxygen during the storage period following the frecze-dry

process.,




Miscellancous Siornge Methods

As noted in the discugsion above, chemical preservatives, refrigeration,
freexing, and lyophilization constitute Te privcipal tech.iques cinployed for the
prescrvation of biclogical specimens, In this section some atienlion is given to

absorption and ion cxchange techniques, which have rcceived lirmited application

for specimen storage.

Absorption. - The storage of meacurced quantitics of whole blood or scrum
on paper for subsequent analysis hns been successfully applied to the following
parameters: hemoglobin, alkaline phosphatase, glucose, and phenylaline. Rice
(1967) has shown that when 20 X1 samples of whole blood are applied to Talligviet
test pupor, Athey may boe stored for many months at roon: temperaturce without
altering the hemoglobin content. Comstock et al. (1966) have developed a method
{for the collection and preservation of blood spccimens for glucose determinations
by drying aliquots of blood on a paper carricr. Ixactly 20 111 of finger blood are
collected in a micro pipet and t:r;.: nsferred quantitatively to a cj_rcled- area on the
filter papcr sample carrier. Multiple samplces can be collected on a single
specimen carvier. In this way a glucose tolerance test can be performed on
spgcilncns obtained by finger puncture and applicd in sequence along the paper,
with no opportunity for the specimen sequence to be altered. A procedure for
fizxation of protein on the paper carrier is described which allows glucosc to be
eluted with water. The results are accurate and reproducible and equivalent to
those obtained by conventional, routine nicthods for glucose (Somogyi-Nelson).

The stability of specimene stored in this manncr is morce than adequate for in-flight

use. Stabilily studics show that glucose values remain unchanged for at least one

o~
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TABLY (.

- DURATION OF

STADILITY OF THE CONSTITULNTS O SWEAT

Method of pre
Without 1 2
Paranreters preservative Refrigeration Frecuing Lyophilization
Calcium stablL*GD smblccil) s1eb]c~OD (P5)
Chlovides stab1eCP stab OV staty O 1L (1'3)
Potussium stablocn siab]i‘GD st,ab]cGD (PS)
. D Y
Sodium stable®! stab1eOP stableCP (PS)
! Microbial growth occurs in the absence of prescrvative, with attendant loss of potassium
duc to its inccrporation within the bacterial cell, The entire serple must therefore be
uscd for aralysis.
2 The sample should be madc ncutral or allaline prior te lyophilization to aveid loss of
cliloride as ICI.
TABLE 7. - DURATION OF STABILITY OF THE CONSTITUENTS O FECES
Method of preservation

Paramaters

b e o

Calcium

Without

preservative

27 daysB

Chlorides

Potassium smhh‘},
I

Sodium stable

Refriceration
& o

stable B

(¥S)

3
Sti:]rlcl

stahl.-“

Freeving

stzzhl(zp'

(PS)
(Ps)
(PS)




ycar when stored al reom temperature without degiceation and for more than
18 months when stored in 2 desiccator at room ternperatere, The authors
(Consstock, 1966) project that other soluble nonprotcin molecules which are more

stable than glucosce and ordirarily prceent in blood can also be stored for pro-

longed periods by rapid drying of blood spcecimens on paper.

Procedures arc presently availeble for storing blood on paper for enzyme
analysis, c.g., cholinesterase d(uv;ty (Augustinsson ct al., 1953). With this
technique, the cclls do not nced to be separated froin the plasma. The blood is
absorbed on {ilter paper and air dricd. The samples remain unchanged for one
week when stored at room tempesrature and sceveral weeks when stored in the
refrigerator. Bourdillon et al, (1966) are experimenting with methods for auto-
claving blood spots on filter paper for urea, uric acid, and phenylalaninge

analyscs.

A muliiple sample analyzer has been patented by Warne 1'—].9.11113017@
Pharmaceutical Co. (19606), which is suitable for automation. Mceasurced sa mplc
are applicd to a tape and arc subscquenily treated with the appropriate reagents
as they are carried along to different stations by the mioving tape. Using conven-
tional detcctors in conjunction with the moving tape, detecrminations for ketone
bodics, bile pigments, hemoglobin, adrenaline, peptides, and nucleotides have

beern made in urine and blood spocimens.  Stability studies of these parameters on

the tape remain to be cariiced oul.

The storage of small, mcasured volurnes of blood or scrun on kicselgubr

has beeu found suitable (Strmvmonds, 1960) for the conscrvation of cholincesterase,
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allaline phospln

end vreo. ALl the procedures involved are simple and can

be adoried to rouline vse in Inboratorics under terrestrial conditions. Stability

studics of blood adsorhed onto tablels of Kicgelguhr yield {he following data:

(1} Blood stoiced at 4°C on kicselguhn retains 85 to 90% of its original

cholinesteiasc activily for a week and approximately 80% for two months or more.

Samples kept at 20°C retain about 80 of their activity {or approximately two

weels.

(2)  Alkaline phosphatasc in serum is stable on kicselguhr for six weeks
or longer if kept at -15°C. At 4°C the aclivity is retninced fairly well for up to

three weeks, but at 20°C the cnzyme ropidly deterioretes.

(3) Blood samples stored on kicsclguhr tablets for urca assay are stable

for at least two months when kept either at 4°C or 20°C.

Jon exchange techniques. - The prescrvation of human blood as an
unadulterated fluid has long been the goal of blood banking technigques. IEmphasis
in this direction was given by the work of Sitcinberg (1944) and others who
desciibed the use of a cation exchange resin to decalcify blood and render it
incoagulable. Thc‘sc studies indicated that resin-treated blood is satlisfactory for
hematologic, serological, and biochcmical examinations. Platclets retain their
ability of inducing clot retraction for approximately one to two days, and thrombo-

plastic activity for a ymuch longer period of time,

A convenient "Blood-Pack!" unit is available from Fenwal Laboratorics

which employs Dowex 50 resin on the sodivm cycle for routine Llood collections.
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According to Walter (1950), Dlood deceleified by this technique has o clotting

.

- . 2 vy [ P P e e SR . L SR ¥ . R i
mechanisin which is functionelly unaltcred.  The RDC, WBC, and platelel counts

ave urchunged, Thromboplastic activity ic sctained. The hemoglobin content is
-

uachanged, but the calcivin, me

wesiur, and potassiven levels are strongly de-
presscd, Woirk by merson (1950} suggests that blocd decalcified by contact with
a resin is comparvable in viability with ACD blood during at least tco days of

4

storage. In general, however, blood prepaived in this manner and then refrigera-
ted at 1 to 5°C is not stable for moxe than five to ten days with respect to the

parametcys in Table 1.

Ion exchange resins arve widely uscd as analytical tools in biochemistry.
They arc employed for resolution of complex mixiures; for cation or ardion re-
placemcuts; and for isolation of discrcte compounds from coinplex inixtares. In
theory it shouvld be poseible to use jon exchange resins for storage of charged
molccovles, On this bagis, a number of paramecters in biclogical specimens might
be immobilized by exposurc to resing. Very little work bas been done along these
Lines, howover, and it remains to be deterinined whether vesins offer sufficient

promisc to warrant detailed rescarch studics.
Spccial Problems in Handling Blood Speciinens

Improper collection or handling of biological specimens prior to storage
can complicate or even juvalidate the results of subsequent analyses. In this
cornection there are a number of special biological problems which are consid-

ercd here,

.

Separation of sexum and plasima from blood. - In preparing scrum and

plasma it is impozrtant that the sample be gepavated from the blood cells Lo pro-

vent exchange of clectrolytes betvreen cells and extracellular floid.  The preferred
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procedare is to remove the fluid within one to two hours of collection, This is

especially important for potassium, but if the scepara

ion is delayed, the blood is
best keptl at room temnperature. It has Leen noted by Goodman et 2], that a much

greater in

{

rease occurs in rerurn polassium levels in clotted specimens stored
at 4°C than at 26°C. Plasma collected in tubes containing large concentrations of
heparin (200 to 300 units pexr 5 ml blood) can be left in contact with blood cells for

more than four hours without any cifect on the potassium councendration.

The failure to separate plasma promptly from blood cells may cause
changes in several of the parameters listed in Table 1. Onc example is uric acid,
which undergoes uricolysis when kept in prolonged contact with erythrocytes,

o on the clot due to the decreased

Serum uric acid is more stable while stand’:
o

contact between serum and cells.

Hemolysis. - When either serum or plasma is required for analysis,
hemolysis must be avoided in obtaining the blood specimen. This is done by
using a dry syringe and needle, and slowly cjecting the blood from the syringe
after removing the needle. In preparing serum, the freshly drawn blood is trans-
ferred to a tubce without anticoagulant end permitted to clot ~pontaneously. When
this is done under terrestrial conditions, the clot is gently ringed with 2 wooden
applicator stick or thin rod prior to centrifuging down the clot. Xxcessive ring-
ing produces undesired hemolysis. Allowing the clot to retract at room tempera-

ture before centrifugation is desirable, since there is less likelihood of hemolysis

and a larger volume of serum is obtained.

Hemolysis must be avoided because it interferes with a number of serum
and plasma analyscs. Almost all serum enzymes are present in much higher con-

centrations in the erythrocytes than in plasma. Any visible amount of hemolysis
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will usually produce clevated scrum or plasma enzyme levels., In view of the
high concentration of magnesium and potassium in the eryihrocytes as compared
to plasma, specimens showing cven mild hemolysis cannot be used for the analy-
sis of these constituents, If an unmodificd Malloy-Evelyn diazo method is used
for determination of serum bilirubin, then any degrec of hemolysis interferes in
the azo-coupling reaction and results in decreased levels. It may also be noted
that hemolysis affects the analysis of total protein by the biurct reaction. How-
ever, this interference may be overcome by processing a serum blank. Other
analyses that are influenced (elevated) by hemolysis are NPN, lactic acid and

pyruvic acid,

Most chemical analyses are carried out on serum rather than plasma, but
plasma is required for a substantial number of tests., In preparing plasma it is

nccessary to avoid hemolysis by use of the proper anticoagulant. Sodiurn fluoride

. is an effective anticoagulant but is employed in relatively high concentration.

Under thesc conditions it is likely to produce hemolysis as well as significant
shifts in water frorn the blood cells to plasma. Heimolysis may also occur due to

improper use of oxalate as an anticoagulant.

Anticoagulants. - Chemical reagents that prevent coagulation are routinely

used when whole blood or plasma is required for analysis. Anticoagulants owe
their action to inhibition of conversion of prothrombin to thrombin by the removal
of calcium ions (fluoride, oxalate, citrate, EDTA) or by other mechanisms
(heparin). A prime consideration in the choice of an anticoagulant is that it not
interfere with the analyses which are to be conducted. As notcd above, fluoride
causes hemolysis when employed in high concentrations which may contraindicate
its use, although it may be acceptable in lower concentrations (John, 1926). The

use of fluoride is contraindicated when plasma enzymes whose activity is inhibited
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by fluoride jons are to be determined, EDTA is a powerful metal chelating agent
and must be regarded as a potential interferent in cation analysis. Lactic dehy-

drogenasc is reported to lose activity in oxalated plasma,

Plasma containing calcium-rernoving anticoagulants (oxalate, citrate,
EDTA) cannot be used for calcium determinations, and plasma containing sodium
or potassium salts of anticoagulants is unsuited for sodium or potassium deter-
minations. Heparin at a concentration of 0.5 mg/10 ml contains a small amount
of sodium or calcium as the salt, and this may alter results. If a urease tech-
nique is used for determining urea nitrogen, the sample must not be collected in

a tube containing an enzyme inhibitor or anticoagulants containing ammonium

salts. However, plasma or whole blood collected with these anticoagulants may

be assayed for urea nitrogen by dircct chemic .l methods, such as the diacetyl

monoxime procedure,

A serious objection to the use of oxalates as anticoagulants lies in the
alteration of concentrations of plasma components. The hematocrit using potas-
sium oxalate may be 10% less than that obtained with heparin. This reduced
erythrocyte volume results from a water shift from the erythrocytes to the
plasma caused by the addition of the salt to the plasma phase. A 10% decrease in
helnatocri_t.results in a dilution error of plasma constituents of 5%. Substantial
water shifts are also caused by sodium citrate as well as by sodium fluoride
when employed in relatively high concentrations. Sodium polyanetholsulfonate,

commonly called Liquoid, is a good anticoagulant which has no effect on erythro-

cyte volume. MHowever, it has been reported to interfere with the determination

of protein,




Specimen Freezing and Storage Unit

An analysis of the duration of stability tables reveals that freezing of the
specimens will be required to insure prescrvation of most of the paramecters. In
view of this, some eslimate of the volume, weight and power requirements of the

specimen freezer is appropriate.

Inadecquate information exists at this timec to properly define the quantity
of specimens which may have to be stored for a given mission. Table 2 indicates
that in order to perform all the tests specified in Table 1, more than 20 ml of
serum is required. This, in turn, requires 50 ml of whole blood - a quantity
which must be obtained by venous puncture. This would undoubtedly be psycho-
logically unacceptable if obtained on a daily basis, so, for purposcs of this analy-
sis,> a weekly interval was selected. Also, sweat and feces were included in the

freczer although freezing is not strictly necessary for constituent stability,

It was assumed that 20 ml of serum; 36 ml of urine; 7 m) of blood; 4 grams
of feces; and 4 ml of sweat constituted a sample set. Because it is common clin-
ical laboratory practice to perform the tests in duplicate, the specimen sizes

were doubled for a second evaluation,

Twelve hours are anticipated for lowering the temperature of the specimens
from 37°C to -80°C. The specimens would be at refrigeration temperaturecs
within two hours, which insures adequate stability of the parameters for the re-

maining ten hours.

A system utilizing liquid oxygen as the refrigerant is envisioned. The
oxygen would be boiled off with the heat of vaporizaticn providing the necessary

cooling. The oxygen vapor could be vented to the cabin or overboard if desired.




.

Pressure to circulate the oxygen could be oblained from the cabin eavironmental

oxygen supply or by haund puinping.

Because of the weightless environment, convection currents will not be
established within the freezer. Thercfore, the unit should be designed to allow

storage of each spccimen adjacent to a refrigerated wall,

If 2 90 day mission is assumed and 12 sets of specimens are obtained, the
freezer with its liquid oxygen supply would occupy 300 cubic inches, weigh 15
pounds and consume no power., If the specimens are obtained for duplicate analy-

sis, 500 cubic inches and 22 pounds would be required,

The freezer box would occupy 65 cubic inches for single samples and 125
cubic inches for singles and duplicates. TFor return to earth, the cryogenic supply
is disconnected. The insul.ated box will retain the specimens in a frozen state foxr
morc than eight hours. This is sufficient time for re-centry and recovery, after
which a cryogenic supply could be attached and the specimens transported to the

laboratory.

TRADEOFF ANALYSIS AND RECOMMENDATIONS

In any recommendation of mecthods for preservation of biological speci-
mens, the required storage time must be specified. As these times are not com-
pletely defined at present, a typical mission time is assumed for purposes of this

discussion.

The storage times presented in the previous section have been quantized
into typical mission durations and are presented in Figures 1 through 5. It is
presumed that experiments requiring specimen storage will not be scheduled for

mission times of less than 14 days. Therefore, the cntries for less than 14 days
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in the charts include totally unstable parameters.. Where previous tables listed
paramcters as "stable" or "probably stable, " they have been shown as siable for
greater than 180 c{ays. Vherever information is known on the stability of a
paramecter for a given preservation technique, an entry has been made. Except
where previously noted, no timces have been extrapolated beyond known stable

periods.

It can be scen from Figures 1 through 5 that the most critical specimens
from the standpoint of stability are whole blood, serum and plasma. Very few of
the parameters specified for these specimens are stable for greater than 14 days
without freezing. In whole blood, the hemotologic parameters are difficult to
store by any method. Xven by using a combination of freczing and dried films,
only half of the parameters in whole blood can be expected to remain stable for

typical mission durations.

Figure 6 presents an equipment evaluation summary of the various
mecthods of preservation. The 1‘é.nk.1'.ngs are on a 6ne to four basis with four
signifying equipment having minimum volume, weight and power requirements,
minimum complexity, maximum zero gravily compatibility and maximum stability
time. On the other end of the scale, the rating of one signifies maximum volume,
weight and power, etc. It can be seen from this tabulation that storage without any
preservation is the casiest to mechanize but 1*e§ults in unacceptably short stability
times for most parameters. Chemical prescrvation is slightly more complex but

allows a longer storage period for some parameters.

Refrigeration offers little advantage over freczing, particularly if

cryogenics arc available. If power is required from the spacecraft, refrigeration
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may offcr a small savings in this area. However, the greatly increased storage
time available through freczing heavily weighs the trade-off in favor of this

teghnique.

Liyophilization is the most complex of the methods and offers an advantage
over {reezing in only one instance: LDH isozymes in scrum or plasma. The
requirement for this paramecter should be carefully asscseced and alternative
methods of obtaining the measurement investigated before establishing the require-

ment for a lyophilizcr.

It is recommmended, therefore, that development of a space-qualified
specimen freezer and storage unit be undertaken for the preservation of whole
blood, urine, serum and plasma. Additionzlly, provision should be made for
obtaining dried blood smears on paper or glass for platclet count, reticulocyte

count, and WBC differential. While the method of preservation for sweat and

feces is relatively unimportant for the parameters specified, the freezcr could be

used for these specimens with little penalty in size, weight and power over alternate

storage methods. ‘

The vo The volume, weight and power requirement for the specimen freezer have
been presented in the previous scction. For volume, 300 to 500 cubic inches were
estimated and 15 to 22 pounds for weight. No power from the spacecraft would be

required.
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Ca Ox
CiB
CT

EDTA

H, BO

NaF

PE

(PS)

APPENDIX A
Notes and References Applicable to Tables 3 Through 7
Notes

"Stable' signifies stabilily for an extended period of time, exceeding

two to three months.

Arabic numerals represent footnotes.

Refrigeration signifies a temperature of about 5°C.
Freezing indicates a temperature lower than -10°C.

The data in the "Without Preservative' and "Preservative' columns refers
to storage at room temperature (20 to 30°C),
Abbreviations

= Anticoagulant

Calcium oxalate

= Citrate buffer

= One Cargille tablet per ounce urine

1

Disodium ethylenediaminetetraacetate

Fluoride

Boric acid

= ‘Sodium fluoride
= Oxalate
= Petroleum ether

= Probably stable
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C

CO

GD

GO

HU

HY

10

Perchloric acid filtrate
Trichloroacetic acid {iltrate

Veronal buffer
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